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157] ABSTRACT

A valve operating device for an internal combustion
engine, including a plurality of cams or a camshaft hav-
ing different cam profiles corresponding to operating
conditions of the engine for opening and closing the
intake valves according to the operating conditions of
the engine. The high-speed cam has a cam lobe which
projects from a base-circle portion of the cam by a
distance smaller than the distance by which the cam
lobe of a low-speed cam projects from the base-circle
portion. The cam lobe of the high-speed cam also sub-
tends a larger angle on the base circle of the camshatit
than the cam lobe of the low-speed cam.

6 Claims, 2 Drawing Sheets

CAMSHAFT ANGLE OF ROTATION



US. Patent  Aug. 8, 1989 Sheet 1 of 2 4,854,272




U.S. Patent  Aug. 8, 1989 Sheet 2 of 2 4,854,272

%b
ZIR £ic 4.
2
21 o T0b
” %? § \SZ
\‘ AN
| PoNZ-250
'i'; E = SNFA—220
o /’ !!z. S/ \;b
oV SR
35a ‘Qﬂ §L?!/’2§§3 =202
/ Qg 5 N/gﬁ E2
\‘ {17 ‘=.J'JJ.§ a
A AR
d
3 L1775

CAMSHAFT ANGLE OF ROTATION




4,854,272

1

VALVE OPERATING DEVICE FOR INTERNAL
COMBUSTION ENGINE

The present invention relates to a valve operating
device for an internal combustion engine, including a
camshaft with a plurality of cams having cam profiies
for opening and closing intake valves according to the
operating conditions of the engine.

In a conventional valve operating device, as disclosed

in Japanese Laid-Open Patent Publication No.

59-85408, for example, the degree to which an intake
valve is lifted and the time period in which it is open
during high-speed operation of the engine are generally

larger than those during low-speed operation of the

engine.

In the high-speed operation range of the internal
combustion engine, it is preferable for the intake valve
to be opened earlier and closed later than in the low-
speed operation range in order to supply a sufficient
amount of air into a combustion chamber. This demand
cannot however be met by the aforesaid conventional
valve operating device.

According to the present invention, the cam lobe of a
high-speed cam corresponding to high-speed operation
of the engine projects from a base-circle portion coaxial
with the axis of rotation thereof by a distance smaller
than the distance by which the cam lobe of a low-speed
cam corresponding to low-speed operation of the en-
gine projects from the base-circle portion, and the cam
lobe of the high-speéd cam subtends a larger angle at
the base-circle portion than the cam lobe of the low-
speed cam does.

With the above arrangements of this invention, in the
high-speed operation range of the engine, the intake
valve is opened earlier and closed later than in the low-
speed operation range of the engine for supplying a
sufficient amount of air. The degree to which the intake
valve 1s lifted can be reduced thereby preventing the
intake valve from jumping or bouncing due to its inertia
during high-speed operation. In the low-speed opera-
tion range, the degree of lifting of the intake valve can
be made larger than that in the high-speed operation
range to supply a required amount of air.

The invention now will be described in connection
with two embodiments of the valve operating mecha-
nism shown in the drawings, wherein:

FIG. 1 is a plan view of one embodiment;

FIG. 2 is a cross-sectional view taken along line
I1—II of FIG. 1;

FIG. 3 is a cross-sectional view taken along line 111-
—III of FIG. 1;

FIG. 4 is a cross-sectmnal view taken along line
IV—IV of FIG. 2;

FIG.S1sa dlagram showing the valve opening pro-
files of an intake valve operated by the valve operating
mechanism of this invention;

FIG. 6 1s a plan view similar to FIG. 1 illustrating
another embodiment of the present invention; and

FIG. 7 is a diagram showing the valve opening pro-
files of the intake valves of the embodiment of FIG. 6.

The first embodiment of the present invention wiil
hereinafter be described with reference to FIGS. 1
through § of the drawings which illustrate the valve
operating mechanism for a single intake valve 1 for one
cylinder of an engine but it will be understood that there
may be multiple cylinders in the engine and multiple
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intake valve 1 disposed in an engine body E is opened
and closed by valve operating mechanism including a

~ low-speed cam 3, a raised portion 4, and a high-speed
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cam 5 which are integrally formed on a camshaft 2
rotatable by the crankshaft of the engine at a speed ratio
of 4 with respect to the speed of rotation of the engine,
by first, second and third rocker arms 7, 8, 9, respec-
tively, pivotally supported on a rocker shaft 6 extending
parallel to the camshaft 2, and by selective coupling
mechanisms 10q, 106 disposed between the first and
second rocker arms 7, 8 and the second and third rocker
arms 8, 9, respectively.

The camshaft 2 is rotatably disposed above the engine
body E. The low-speed cam 3, the raised portion 4, and
the high-speed cam 5 are axially successively arranged
in adjacent relation and integrally formed with the cam-
shaft 2. The low-speed cam 3 has a cam profile corre-
sponding to low-speed operation of the engine and in-
cludes a base circle portion 3a coaxial with the camshaft
2 and a cam lobe 3b projecting radially outwardly from
the base circle portion 3a. The raised portion 4 1s of a
circular shape coaxial with the camshaft 2 and of the
substantially the same diameter as base circle portion
3a. The high-speed cam § has a cam profile correspond-
ing to a high-speed operation of the engine and includes
a base circle portion Sa coaxial with the camshaft 2 and
a cam lobe §b projecting radially outwardly from the
base circle portion Sa. The cam lobe 56 of the high-
speed cam 5 subtends a larger angle al from the center
of the camshaft 2 along the base circle portion Sa than
the cam lobe 356 of the low-speed cam 3 which subtends
an angle a2 from the center of the camshaft 2 along the
circamference of the base circle portion 3a. The dis-

tance d1 by which the cam lobe 56 of the high-speed

cam 5 projects from the base circle portion Sa is smaller
than the distance d2 by which the cam lobe 36 of the
low-speed cam 3 projects from the base circle portion

- 3a.
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 intake valves for each cylinder. In FIGS. 1, 2and 3, an

The rocker shaft 6 is fixedly positioned below the
camshaft 2. The first rocker arm 7 has on its upper
surface a cam slipper 11 held in slidable contact with the
low-speed cam 3, the second rocker arm 8 has on its
upper surface a cam slipper 12 held in slidable contact
with the raised portion 4, and the third rocker arm 9 has
on its upper surface a cam slipper 13 held in slidable
contact with the high-speed cam 5. The rocker arms 7,
8 and 9 are pivotally supported on the rocker shaft 6 in
axially adjacent relation. |

The intake valve 1 is operatively assoc:ated with the
second rocker arm 8. A flange 14 is attached to the
upper end of the intake valve 1. The intake valve 1 is
normally urged in a closing direction, i.e., upwardly, by
a valve spring 15 disposed between the flange 14 and
the engine body E. A tappet screw 16 1s adjustably
threaded in the distal end of the second rocker arm 8 in
abutting engagement with the upper end of the intake
valve 1 (a gap is shown for clarity of illustration only).

The first rocker arm 7 is normally urged resiliently in
a direction to cause the cam slipper 11 to shdably
contact the low-speed cam 3 by resilient urging means
17 disposed between the first rocker arm 7 and the
engine body E. The resilient urging means 17 comprises
a cylindrical bottomed lifter 18 with its closed end held
against the lower surface of the first rocker arm 7, and
a lifter spring 19 disposed between the lifter 18 and the
engine body E. The lifter 18 is slidably fitted in a bot-
tomed hole 20 defined in the engine body E.
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Resilient urging means (not shown) similar to the
resilient urging means 17 is also disposed between the
third rocker arm 9 and the engine body E for normally
-urging the third rocker arm 9 upwardly to hold the cam
slipper 13 slidably against the high-speed cam 5 at all
times.

As shown in FIG. 4, the selective coupling mecha-
nism 10a comprises a piston 22a movable between a
position in which the first and second rocker arms 7, 8
are connected and a position in which they are discon-
nected, a stopper 23¢ for limiting the movement of the
piston 224, and a return spring 24a for urging the piston
- 22a 1n a direction to disconnect the rocker arms 7, 8.

The second rocker arm 8 has a first bottomed guide
hole 25¢ opening toward the first rocker arm 7 and
paraliel to the rocker shaft 6, with a smaller-diameter
hole 27a being defined at the closed end of the first
guide hole 254 with a step 26a therebetween. The piston
224 is slidably fitted in the first guide hole 25a, with a
hydraulic chamber 28a being defined between the pis-
ton 22a and the closed end of the smaller-diameter hole
27a.

The first rocker arm 7 has a second bottomed guide
hole 29a opening toward the second rocker arm 8 and
parallel to the rocker shaft 6 for registration with the
first guide hole 25¢. The disc-shaped stopper 23a is
slidably fitted in the second guide hole 29a. A smaller-
diameter hole 31q is defined at the closed end of the
second guide hole 292 with a limiting step 30a therebe-
tween. An insertion hole 32g is also defined at the
closed end of the smaller-diameter hole 31a coaxially
therewith. A guide rod 33a coaxial and integral with the
stopper 23a extends through the insertion hole 32a. The
return coil spring 24a is disposed between the stopper
23a and the closed end of the smaller-diameter hole 31a
around the guide rod 33a. |

The piston 22a has an axial length such that when one
end thereof abuts against the step 264, the other end
thereof is positioned between the first and second
rocker arms 7, 8, and when the piston 22a is urged by
hydraulic pressure to enter the second guide hole 29z to
the extent that the stopper 234 abuts against the limiting
step 30a, said one end of the piston 224 remains posi-
ttoned in the first guide hole 25a.

The rocker shaft 6 has an interior hollow space di-
vided into two oil passages 34a, 34b by an axially ex-
tending partition 37. The oil passages 34qa, 34b are selec-
tively supplied with hydraulic pressure from a hydrau-
lic pressure supply source (not shown).

The rocker shaft 6 has defined therein a communica-
tion hole 354 in communication with the oil passage 34a
and a communication hole 3556 in communication with

the oil passage 34b. The communication holes 354, 356

are axially spaced from each other. The second rocker
arm 8 has defined therein a communication passage 364
and a communication passage 36b. The communication
passage 36¢ and the communication hole 35z are held in
communication with each other at all times, irrespective
of how the second rocker arm 8 may be angularly
moved, by a circumferential groove (unnumbered) and
the communication passage 36/ and the communication
hole 35b are held in communication with each other at
all times, irrespective of how the second rocker arm 8
may be angularly moved, by a separate circumferential
groove (unnumbered). The communication passage 36a
communicates with the hydraulic chamber 28.

The selective coupling mechanism 106 disposed be-
tween the second and third rocker arms 8, 9 is basically
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of the same construction as that of the selective cou-
pling mechanism 10a. Those components of the selec-
tive coupling mechanism 105 which are identical to
those of the selective coupling mechanism 10a are de-
noted by identical reference numerals with a suffix b,
and will not be described in detail. The hydraulic cham-
ber 285 of the selective coupling mechanisms 10b com-
municates with the oil passage 34b through the commu-
nication passage 360 and the communication hole 356b.

Operation of the above-described embodiment now
will be described. During low-speed operation of the
engine, hydraulic pressure is supplied to the oil passage
34a whereas the other oil passage 34b is released of any
hydraulic pressure. Therefore, the piston 22a of the
selective coupling mechanism 10q is moved toward the
first rocker arm 7 against the resiliency of the return
spring 24 and into the second guide hole 29¢ to con-
nect the first and second rocker arms 7, 8. In the other
selective coupling mechanism 105, the mutually sliding
surfaces of the piston 225 and the stopper 23b are posi-
tioned between the second and third rocker arms 8, 9,
which are thus disconnected from each other. There-
fore, the second rocker arm 8 swings to open and close
the intake valve 1 at the timing and lift according to the
profile of the low-speed cam 3, as indicated by the solid
line L. in FIG. S.

During high-speed operation of the engine, hydraulic
pressure 1s supplied to the oil passage 34b whereas the
oil passage 34a is released of any hydraulic pressure. In
the selective coupling mechanism 10g, the mutually

shiding surfaces of the piston 224 and the stopper 23a are

positioned between the first and second rocker arms 7,
8, which are thus disconnected from each other. The
piston 22) of the selective coupling mechanism 105 is
moved toward and into guide hole 296 of the third
rocker arm 9 against the resiliency of the return spring
24b to connect the second and third rocker arms 8, 9.
Accordingly, the second rocker arm 8 swings to open
and close the intake valve 1 at the timing and lift ac-
cording to the profile of the high-speed cam 5, as indi-
cated by the dotted line H in FIG. 5.

Since the angle al subtended at the basic circle of the
camshaft 2 by the cam lobe §b of the high-speed cam 5
1s larger than the angle a2 subtended at the basic circle
of the camshaft 2 by the cam lobe 3b of the low-speed
cam J, the mtake valve 1 is opened earlier during high-
speed operation than during low-speed operation and is

~ closed later during high-speed operation than during
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low-speed operation. Consequently, during high-speed
operation, the intake valve 1 remains open for a rela-
tively long time, so that a sufficient amount of air can be
supplied into the combustion chamber. Moreover, since
the distance which the intake valve 1 is lifted during
high-speed operation is relatively small, the intake valve
1 1s prevented from jumping or bouncing due to its
inertia upon high-speed operation. During low-speed
operation, the period of time in which the intake valve
11s open is relatively short. However, since the distance
which the intake valve 1 is lifted is larger during low-
speed operation than during high-speed operation, a
required amount of air can be supplied. |

It is preferable that the cams 3, 5 be dimensioned to
substantially equalize the areas surrounded by the lift
curves H, L for the intake valve 1.

FIGS. 6 and 7 show another embodiment of the pres-
ent invention. Those parts which are identical to those
of the previous embodiment are denoted by identical
reference numerals. First, second, and third rocker arms
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7, 8', 9 are pivotally supported on a rocker shaft 6, with

a pair of intake valves 1a, 1b being operatively associ-
ated with the second rocker arm 8. Integrally formed
with the camshaft 2 are a low-speed cam 3 held in slid-
able contact with the first rocker arm 7, and a very 5
low-speed cam 3’ held in slidable contact with the sec-
ond rocker arm 8/, and a high-speed cam 5 held in shid-
able contact with the third rocker arm 9.

The rocker arms 7, 8, 9 have selective coupling
mechanisms capable of selecting one of three condi- 10
tions, namely, a condition in which all of the rocker
arms 7, 8', 9 are disconnected, a condition in which the
first and second rocker arms 7, 8’ are connected, and a
condition in which the second and third rocker arms §',

9 are connected. Thus, the three selective operating 15
conditions are (1) a condition in which the intake valves

1a, 1b are opened and closed by the very low-speed cam

3, (2) a condition in which the intake valves 1a, 1b are
opened and closed by the low-speed cam 3, and (3) a
condition in which the intake valves 14, 15 are opened 20
and closed by the high-speed cam 5.

The very low-speed cam 3’ is of a shape to provide a
valve opening profile as indicated by the solid line L1 1n
FIG. 7. The low-speed cam 3 is of a shape to provide a
valve opening profile as indicated by the dot-and-dash 25
line .2 in FIG. 7. The high-speed cam S5 1s of a shape to
provide a valve opening profile as indicated by the
dotted line H in FIG. 7.

In this embodiment of FIGS. 6 and 7, the intake
valves 1a, 1b are opened earlier and closed later during 30
high-speed operation to supply a sufficient amount of
air. During low-speed operation in which the low-speed
cam 3 operates, the distance which the intake valves 1q,

15 are lifted is relatively large to supply a required
amount of air. In very low-speed operation by cam 3', 35
the valve lift and duration are less to enhance the air
flow rate and turbulence for maintaining a good air-fuel
mixture. -

The present invention is not limited to the valve oper-
ating device in which the rocker arms are selectively 40
connected and disconnected by the pistons, but also to
a valve operating device in which rocker arms are mov-
able axially of a camshaft into slidable contact with
different cams or any other mechanism for selectively
operating intake valves by different cam profiles. 45

With the present invention, as described above, a
high-speed cam corresponding to high-speed operation
of an engine has a cam lobe which projects from a base
circle portion coaxial with the axis of rotation of the
high-speed cam by a distance smaller than the distance 50
‘which the cam lobe of a low-speed cam corresponding
to low-speed operation of the engine projects from the
- base-circle portion, and the cam lobe of the high-speed
cam subtends a larger angle on the camshaft than the
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6

cam lobe of the low-speed cam does. During high-speed
operation of the engine, an intake valve is opened earlier
and closed later than during low-speed operation to
supply a sufficient amount of air, and the intake valve is
prevented from jumping or bouncing due to its inertia
upon high-speed operation. During low-speed opera-
tion, the distance which the intake valve i1s lifted 1is
increased to supply a required amount of air.

What 1s claimed:

1. A valve operating device for an internal combus-
tion engine, including a plurality of cams having cam
profiles corresponding to operating conditions of the
engine and disposed on a camshaft for opening and
closing an intake valve according to the operating con-
ditions of the engine, comprising, 2 cam lobe of a high-
speed cam on the camshaft for high-speed operation of
the engine projecting from a base-circle portion coaxial
with the axis of rotation of the camshaft by a distance
smaller than a distance by which a cam lobe of a low-
speed cam on the camshaft for low-speed operation of
the engine projects from a base-circle portion, and said
cam lobe of the high-speed cam subtending a larger
angle along the circumference of the base portion of the
camshaft than an angle on the base-circle portion sub-
tended by the cam lobe of the low-speed cam.

2. The valve operating device of claim 1, wherein a
pair of intake valves are operated by each high-speed
cam and low-speed cam.

3. The valve operating device of claim 1, wherein a
cam lobe of a very low-speed cam is provided having a
cam profile projecting from a base circle portion less
than the cam lobe of the low-speed cam.

4. The valve operating device of claim 3, wherein the
very low-speed cam is provided with a cam lobe having
a cam profile subtending a smaller angle on the base
circle portion than the angle subtended by the cam lobe
of the low-speed cam.

5. The valve operating device of claim 1, wherein a
very low-speed cam is provided with a cam lobe having
a cam profile subtending a smaller angle on the base
circle portion than the angle subtended by the cam lobe
of the low-speed cam.

6. A valve operating device for at least one intake
valve of an internal combustion engine having a cam-
shaft with a plurality of cams and a mechanism for
selectively operating the intake valve by each cam,
comprising, a low-speed cam having a cam lobe of a
profile for low-speed engine operation, and a high-
speed cam having a cam lobe for high-speed engine
operation which cam lobe projects outwardly a smaller
distance and extends circumferentially larger distance

than the cam lobe of the low-speed cam.
E * X % L
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